Objective: To compare 2-year visual acuity outcomes between similar participants assigned to sham and notreatment control arms in randomized clinical trials.
A
S KAPTCHUK OBSERVED, "IN the current RCT [randomized controlled trial] era, a legitimate therapy must demonstrate an effect greater than a decoy disguised as a real intervention." 1 In RCTs of pharmacologic agents administered either orally or topically, placebos (one type of sham or decoy control) composed of physiologically inert or inactive material and matched to the test agent with respect to appearance, taste, or other characteristics have become an accepted control. Reasons to use sham controls include facilitation of outcome masking, promotion of similar compliance in each arm of the trial, control for natural history of the medical condition, control for nontrial interventions, and regulatory requirements. 2 Reasons to avoid sham controls include inaccurate estimation of effect sizes and adverse event rates, interference with nonspecific aspects of treatment, and failure to inform clinical decisions. 2 Ingestion or topical application of an inactive or inert placebo poses little or no risk to the participant in a clinical trial. However, there are costs associated with developing, producing, and distributing the matching placebo and additional costs associated with monitoring adherence to the schedule for ingestion or application of the placebo agent, similar to those for the test agent. In some situations, such as those requiring ingestion or topical application several times per day or ingestion of a large number of placebo tablets or capsules to match the regimen for the test agent, the participant assigned to the placebo arm may be inconvenienced with no chance of benefit.
Although sham laser photocoagulation, 3 sham injections without needles, 4, 5 sham radiotherapy, 6, 7 intravenous injection of a placebo solution such as dextrose, [8] [9] [10] or intravitreous injection of saline 11 may have low associated risk, intraocular injection of a vehicle without an active agent or implantation of a device designed for local drug delivery without the drug may have a risk that a trial participant would not be willing to accept unless convinced that there was potential personal benefit. Sham controls of some types have been questioned on both scientific 12 and ethical [13] [14] [15] [16] grounds. Sham procedures not only may entail risk but also may be inconvenient to the participant in the sham
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arm 17 and to the surgeon or other caregiver who administers the sham procedure. 16 Furthermore, substantial costs may be associated with the surgeon's and anesthesiologist's time and use of operating room facilities to perform sham surgery, resources to formulate and deliver an injectable placebo, or use of facilities to mimic radiotherapy. When 2 different active treatments are compared in a clinical trial, particularly when the method of delivery differs between them, multiple sham or placebo arms may be used to mimic each active treatment to mask the trial participant and physician or other caregiver. 18, 19 To our knowledge, the question of preference for sham vs no treatment has not been posed to potential or actual participants in clinical trials in ophthalmology.
These issues have become increasingly important in ophthalmology with the development of new interventions and delivery systems for ophthalmologic conditions. Apart from a single crossover trial in dry eye syndrome, 20 no clinical trial in any ophthalmologic condition has compared sham (placebo) treatment with no treatment among participants randomly assigned to the control arm, although such comparisons have been made in clinical trials in other medical specialties. 21 From their updated systematic review of 156 clinical trials in which participants were assigned randomly to sham (placebo) or no-treatment control arms and in which there was masked assessment of objective outcomes, Hró bjartsson and Gøtzsche . . . were unable to detect a statistically significant overall effect of placebo interventions in trials with binary outcomes, whether reported by patients or observers, or in trials with continuous outcomes reported by observers. A statistically significant moderate difference between placebo and no-treatment groups was observed overall for trials with continuous outcomes reported by patients, and for trials involving patient-reported pain and phobia. 21 The findings from this systematic review 21, 22 prompted us to ask whether sham controls were essential in RCTs with outcomes based on visual acuity. In the absence of RCTs with visual acuity outcomes in which participants in the control arm have been assigned randomly between a placebo or sham treatment and no treatment, we sought databases from clinical trials in patients with similar retinal conditions, some of which used a sham control arm and others a no-treatment control arm, so that we could compare visual acuity outcomes. We evaluated the influence of sham controls on 2-year visual acuity outcomes, including completion of 2-year visual acuity examinations, using matched pairs of sham and no-treatment controls. Our goal is to stimulate research into the use of sham controls so that scientifically and ethically sound recommendations can be formulated to inform regulatory requirements for future clinical trials in ophthalmology.
METHODS

SELECTION OF PATIENTS
We obtained from the sponsors or coordinating centers data for participants in the control arms of 5 completed randomized trials of treatments for subfoveal choroidal neovascularization (CNV) secondary to age-related macular degeneration (AMD). We obtained permission to use the control arm data for this analysis from the responsible committees or investigators in each trial. No personal identifying information was requested or provided. In 2 of the trials, a sham control (intravenous injection of placebo followed by low-energy laser) was used with the goal of masking the participant, the treating ophthalmologist, and the visual acuity examiner. [8] [9] [10] In 3 of the trials, a no-treatment (observation) control was used so that the participant and the ophthalmologist were unmasked. [23] [24] [25] [26] In 1 of the trials with no-treatment controls, the visual acuity examiner at the 2-year examination was masked. 26 In all of the 5 trials, the neovascular lesion had to be in an eye with AMD and had to be located under the geometric center of the foveal avascular zone. Table 1 summarizes other characteristics of the 5 trials and eligibility criteria pertinent to this investigation.
We attempted to match each sham-treated participant to 1 or more participants in the no-treatment arms using baseline characteristics reported to be predictive of 2-year changes in visual acuity: gender, age (within 2 years), visual acuity of the study eye (within 7 letters, ie, 0.14 logMAR), size of the neovascular lesion (same category: Յ2, Ͼ2 but Յ6, and Ͼ6 disc areas), classic CNV in the study eye (present or absent), CNV in the fellow (nonstudy) eye (present or absent), blood as part of the neovascular lesion (present or absent), and prior thermal laser treatment in the study eye (yes or no). Initially, the matching criterion selected for visual acuity was more stringent, ie, ±2 letters. However, few pairs of controls could be matched on visual acuity and other characteristics using this stricter criterion.
After the best possible match on all of the 8 criteria had been identified for as many sham-treated participants as possible, the matching criteria except those regarding baseline age and visual acuity of the study eye were removed one at a time and the best matches on 7 criteria were identified from the remaining participants. After the best matches on 7 criteria had been identified, pairs of matching criteria were removed and the best matches on 6 criteria were identified from the remaining participants. This process was repeated until all of the possible matches were identified by applying as many criteria as possible in addition to baseline age and visual acuity of the study eye.
Methods similar to those described earlier were used in a secondary analysis of the effect of masked visual acuity examiners. Both trials from which control arm patients were selected for this analysis included no-treatment controls; patients were unmasked in both trials. In one of the trials, 2-year visual acuity measurements were made by masked examiners; in the other trial, no effort was made to mask the visual acuity examiners. The baseline lesion size categories used to match masked and unmasked control arm patients were modified to conform to more precise classification of size in these 2 trials.
The study was approved by one of the institutional review boards (IRBX) of the Johns Hopkins Medical Institutions.
DATA ANALYSIS
We compared distributions and means of 2-year changes in visual acuity (continuous outcome) between sham and notreatment controls. We also compared the groups with respect to dichotomous 2-year outcomes evaluated in 1 or more of these 5 trials as indicating failure of the test treatment, ie, loss of 3 or more and loss of 6 or more lines of visual acuity from baseline levels. When a sham control matched more than 1 no-treatment control, data from the no-treatment control who matched the sham control most closely were used in analyses. Findings in each group of matched controls have been analyzed both for study eyes examined at 2 years (available cases) and for all of the study eyes with the last observation carried forward (LOCF) method to impute missing 2-year visual acuity measurements. low-up measurement of visual acuity, the 3-year measurement was used for the LOCF analyses.
Distributions have been displayed using box-and-whisker plots 27 and summary statistics. Wilcoxon matched pairs signed rank sum tests 28 were used to assess the similarity of distributions, and paired t tests were used to assess the similarity of mean values. McNemar tests 29 were used to compare dichotomous (binary) outcomes among matched pairs of controls. Linear regression models were used to evaluate the effect of discrepancies in matching criteria between partially matched pairs of controls on 2-year changes in visual acuity.
We used SAS version 8.2 statistical software (SAS Institute, Inc, Cary, North Carolina) for all of the analyses. We did not adjust probabilities to account for multiple comparisons; probability values of .05 or less were deemed indicators of noteworthy differences between the sham and no-treatment controls.
RESULTS
SUCCESS OF MATCHING
Of the 321 sham controls, matches on all of the 8 criteria (full matches) among no-treatment controls were found for 72. Of the remaining 249 sham controls, matches on 4 to 7 criteria (partial matches) were found for 93. Of the 93 pairs, 46 matched on 7 criteria, 34 matched on 6 criteria, 12 matched on 5 criteria, and 1 matched on 4 criteria. No additional matches on 3 criteria (baseline age and visual acuity plus any other criterion) or on baseline age and visual acuity alone were possible. Of the 156 unmatched sham controls, 92 had no classic CNV in the subfoveal lesion and were primarily from the Verteporfin in Photodynamic Therapy Trial for which classic CNV as part of the subfoveal lesion was not required (Table 1) . Of the remaining 64 unmatched sham controls, 17 either did not have a subfoveal lesion or did not have AMD based on assessment of photographs at the central reading center. The study eye visual acuity of all other unmatched sham controls was better than that of all remaining no-treatment controls.
Of the 72 sham controls in the fully matched group and 93 sham controls in the partially matched group, 70 and 88, respectively, were from the Treatment of AgeRelated Macular Degeneration With Photodynamic Therapy Investigation. The sources (clinical trials) of notreatment controls in the 2 matched groups are shown in eTable 1 (http://www.archophthalmol.com).
Despite matching, the distributions of study eye visual acuity scores at baseline (Figure 1 ) differ between the sham and no-treatment controls within both the fully matched and partially matched groups (Wilcoxon and t test P Ͻ.001, both comparisons). The mean difference in visual acuity score is 2.2 letters among the fully matched pairs and 2.6 letters among the partially matched pairs ( Figure 1B) . In both groups, no-treatment controls have somewhat poorer visual acuity. The paired mean difference in age is 0.1 year in both groups.
The most frequently discrepant criterion between sham and no-treatment controls in the partially matched group, affecting 49 of the 93 partially matched pairs of controls, was the size of the subfoveal neovascular lesion despite the broad size categories. The number of partially matched pairs discrepant with respect to other criteria ranged from 8 (presence or absence of classic CNV) to 31 (gender).
COMPLETENESS OF 2-YEAR EXAMINATIONS
Among the fully matched group, 8 of the 72 sham controls (11%) missed the 2-year examination compared with 10 of the no-treatment controls (14%). Among the partially matched group, 14 of the 93 sham controls (15%) and 11 of the no-treatment controls (12%) missed the 2-year examination. Thus, there was no evidence that masking participants and clinical personnel via sham treatment played a major role in completeness of follow-up for visual acuity outcomes. Of the 11 no-treatment controls in the partially matched group whose visual acuity was not measured at 2 years, one had died 10 days after enrollment in the Submacular Surgery Trials (SST) and another had no visual acuity measurement during follow-up. Neither of these 2 patients could be included in the LOCF analyses. Thus, 72 pairs of fully matched controls and 91 pairs of partially matched controls were available for comparisons using the LOCF method. For analysis of observed 2-year visual acuity outcomes, data were available for 56 pairs from the fully matched group and 72 pairs from the partially matched group.
COMPARISON OF VISUAL ACUITY OUTCOMES
Distributions of changes in visual acuity from baseline to 2 years are shown in Figure 2A for patients who completed 2-year visual acuity examinations. The distributions of the differences in 2-year changes in visual acuity between matched pairs of controls are shown in Figure 2B . The LOCF distributions (data not shown) were nearly identical to those shown for available cases.
Comparisons of mean changes in visual acuity along with dichotomous visual acuity outcomes are summarized in Table 2 for fully matched pairs of controls. The absolute mean difference was 0.16 line, ie, less than 1 letter, when patients who completed a 2-year examination were analyzed. The LOCF method yielded an absolute mean difference of 0.10 line. No 2-year visual acuity outcome differed substantially between sham and notreatment controls in the fully matched group regardless of the method of analysis used or the source of notreatment controls (all PϾ .15).
For the partially matched group (Table 3) , the mean 2-year change was 3.5 lines lost among sham controls and 5.0 lines lost among no-treatment controls who completed the 2-year examination (paired t test P =.02); the absolute mean difference was 1.5 lines (7.5 letters). When the last observation was carried forward to 2 years, the mean changes and absolute mean difference were similar to those of eyes examined at 2 years. Outcomes among (Table 3) , which is in contrast to the fully matched pairs where outcomes were similar or slightly better among no-treatment controls (Table 2) . No pairwise discrepancy resulting from relaxing matching criteria was found to influence differences between types of partially matched controls when evaluated using linear regression models.
The same outcomes were analyzed separately for partially matched pairs of sham and no-treatment controls by the source of no-treatment controls. Most of the differences in 2-year visual acuity outcomes were small when no-treatment controls were from the SST (eTable 2) (all PϾ.30). However, when no-treatment controls were from the Macular Photocoagulation Study (MPS), both mean change in visual acuity and loss of 3 or more lines of visual acuity differed between the 2 types of controls regardless of the analytic strategy (all P Ͻ.05). The differences were less extreme for 2-year loss of 6 or more lines (P=.19 and .09 for available cases and LOCF analyses, respectively). One possible explanation for this difference in findings in these 2 subgroups is that almost all of the SST patients had visual acuity measured at the 2-year examination by a masked examiner, whereas no attempt was made to mask MPS visual acuity examiners.
EFFECT OF MASKED VISUAL ACUITY EXAMINER ON OUTCOMES AMONG UNMASKED PATIENTS
Sixty-eight pairs of no-treatment controls from the SST who had masked 2-year visual acuity examinations were matched to no-treatment controls from the MPS. Data from fully matched (n=4) and partially matched (n=64) pairs of no-treatment controls were pooled to analyze the effect of masking the visual acuity examiner on 2-year change in visual acuity. No-treatment controls from the MPS lost a mean of 1.3 lines (6.5 letters) more than matched controls from the SST in the 2-year interval following enrollment and treatment when only available cases (55 pairs) were considered and lost 1.6 lines (8 letters) more when using the LOCF approach (68 pairs). These differences are almost as large as those observed when no-treatment controls from the MPS were matched to sham controls (eTable 2).
COMMENT
In this retrospective comparison of 2-year visual acuity outcomes in sham vs no-treatment controls who participated in randomized controlled trials of treatments for subfoveal CNV secondary to AMD, the estimated difference (placebo effect) was small or trivial among fully matched pairs regardless of which of the visual acuity outcomes was considered. The estimated difference was somewhat larger among the partially matched pairs, particularly when analyses used the LOCF method to impute missed 2-year visual acuity measurements. Our retrospective analysis of visual acuity outcomes among the full matches supports the conclusions of Hró bjartsson and Gøtzsche, 21, 22 who found in their review of clinical trials in various medical conditions "no evidence that placebo interventions in general have clinically important effects." 21 However, the findings for partial matches are inconsistent with those from full matches. We are aware of only 1 other comparison of sham and no-treatment controls from a clinical trial of treatment of subfoveal CNV secondary to AMD. 30 Some centers participating in that clinical trial used sham radiotherapy controls, and others used no-treatment controls; the investigators reported that the treatment effect did not differ by type of control. 30 Our investigation was limited to a single ophthalmologic diagnosis among control arm participants from 5 of the many RCTs now completed for this condition. Visual acuity, a quasi-objective measurement, may be more robust than other outcomes. Nevertheless, cooperation by the patient and patience on the part of the examiner are required to obtain accurate, reproducible measurements, especially for patients with poor vision. Although personnel at the same reading center described the characteristics of subfoveal neovascular lesions, there were differences in the way data available for this analysis had been recorded owing to differences in the goals and treatment protocols for the 5 trials. Thus, some matching criteria were less precise than others.
Although matched sham controls were primarily from a single clinical trial, no-treatment controls were from 2 different studies. Thus, we had an opportunity to examine matched pairs by source of no-treatment controls. No difference by source of no-treatment controls was found for fully matched pairs. However, for partially matched pairs, differences in outcomes between matched pairs tended to be larger when no-treatment control matches were from the MPS than when they were from the SST. As noted earlier and in Table 1 , the MPS was concluded before the other clinical trials were initiated. Neither MPS patients nor MPS visual acuity examiners were masked to the random assignment during follow-up, possibly accounting for these differences. A secondary analysis of 68 matched pairs of controls suggested that masking of the visual acuity examiner may have been responsible for part of the difference in 2-year outcomes observed in the partially matched group of sham and no-treatment controls. However, it is not possible to conclude that masked visual acuity examiners rather than temporal changes in interpretation of fluorescein angiograms or other factors are the primary explanation for the differences observed.
The 5 clinical trials from which data were obtained for this analysis were of high quality. In all of the 5 trials, visual acuity examiners followed a standard protocol to obtain the best refractive correction and to measure visual acuity at baseline and follow-up examinations. All of the 5 trials incorporated training and regular monitoring of visual acuity examiners. A high proportion of enrollees completed the 2-year visual acuity examination, so 2-year outcomes based on analysis of available cases were similar to those from analysis using the LOCF method. The same photograph reading center participated in all of the 5 trials; thus, similar methods were used by graders to record the characteristics of the neovascular lesions.
This retrospective analysis cannot replace randomized comparisons of sham and no-treatment controls in clinical trials of treatment of subfoveal CNV in AMD. Because treatments that usually delay, prevent, or reverse visual acuity loss are currently available, 5 it is unlikely that there will be an opportunity to make a randomized comparison in future trials of treatments for patients with this condition. However, we encourage sponsors and designers of clinical trials of new therapeutic and preventive interventions for ophthalmologic conditions for which no effective treatment is available to consider a design in which patients assigned to the control arm are randomized between sham and no treatment regardless of whether visual acuity or some other outcome is assessed. A modification of such a design could be used in clinical trials in which a new treatment is to be evaluated as an adjunct to a standard treatment; in such cases, 2 types of sham controls have been used, 18 perhaps unnecessarily. Multiple trials with an internally randomized control arm would yield a body of evidence that should help to delineate the circumstances that require sham controls to minimize bias in estimating treatment effects along with the risk, cost, deception, and inconvenience they entail and those in which no-treatment controls are acceptable. Such a body of evidence would be instructive to researchers and to regulatory agencies that approve clinical trial protocols and new interventions. Furthermore, the goals of individual clinical trials must be considered. As Vickers and de Craen noted in their review, trials with no-treatment controls "may provide information that is more immediately applicable to clinical practice."
